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Abstract of Dissertation 
The biological ly and medically important benzyl lycos iocs of uaimosaminc 
and mannosaline uremic acid were synthesized.. Starting with p-glucose, benzyl 
a-£-g lucopy ratios idc (II), and benzyl 4 ,6-O-bciizy!idcnc-^-U-glucopyranosidc (.111) 
were prepared. Compound III was acthaiicsul 1'nny laud to give benzyl 4 .6-0-benzylidene 
2 ,3-di -O-cjefhancsul.fony! -o>-D-g 1 ucoj>yranosido (IV). Lv-mcihunrsn] fonylatiun ot IV in 
dioxanc/sodium mctiioxidc gave benzyl 2 ,3- nnhydro-4 ,6-li-hcn zy 11 dene <X-^-a J lopyranos idc 
(V). Cleavage of the epoxide ring in V with ML gave benzyl 2-amino-4 ,6-U-benzyl ideiic-
2-deoxy-a-D-al tropyranoside (VI), subsequently S-accty lated and O-mctiiancsul forty 1 ated 
to give its derivative (IX), which was converted by reft using with aqueous mclhoxy-
ethanol/sodium acetate into benzyl 2- ace taw ido 4 ,6-0-henry 1 idcuc-2-deoxy-ot-jumaiinopy-
raiiosidc [X], I 'ebenzylidonation of X, followed by catalytic oxidation, pave the 
benzyl 2-ace tarn i do- 2 -deoxy-K-J)-ciamopy ranosiJurori c acid (XVII). .\-dcaccty I at ion of 
compound X gave the free base (XI), subsequently transformed into the N-curbobcnzoxy 
cocipound Ml, which could be de-benzylidonated and catalyt i cal ly oxidized, to give benzy 
N-carbobenz.ox.y-2-ilcoxy-*-b-mannopyranosiduronic acid (XIV), The free base, compound 
XI, was further dcrivatized by preparing benzyl 4,0-0-ben zy ] i dene ntannopy ranos i do 
(2,3: 4 , .5<J -21-oxazolidinone XX, 
A new method, using trimethy I-silylation of XI followed by treatment with phosgene 
for the synthesis of XX was developed. The method is also applicable in the synthesis 
of benzyl 4,6-0-bcnzyIidene glucopyranos ido (2.3: 4 r ,S' |  -2-oxazolidinonc, a t^jin_5_ 
ox«iolidinenc. 
Catalytic hydrogenation of XX showed the rates of the cleavage of the benzyl 
and the benzylidene group to lie conpeti.tivo. benzyl 4,6-0.- (p-tticthoxy-bcnzy 1 ideitc)---
dcoxy-x-D-n»annop>ranosidc (XXVI) was syntnesized and the benzyl group was removed by 
hydrogcnolysis. It was found that the slower cleavage rate of the anisylidcne function 
upon hydrogenation makes a selective removal of the benzyl group possible. 
p-M t ro-ben zy 1 4,0-o-beniylidenc 2-acctamido-2-dcoxy-/3-y-glucopyranosidc (XXXIII) 
was prepared from 2-acctamido-2-deoxy-b-[j-glucose. The intermediates were 2-acclamido-
3,4-6- tri-O-acetyl-2-dcoxy-fv-D-glucopyranosyl chloride, p-ni tronenzyl 2-ace tarn ido-3,4 ,6 
t ri-C-acctyl-2-deoxv-iJ-u-gIucopyranosidc , and p-nitrobenzyI 2-acetanudo-2-dcoxy-p-b-
gIucopyranos.ide. Ihc rate of the hydruge.nolysis of the p-ni trobenzyi group in compound 
XXMII was very fast, so XUA it.  too, could be removed selectively by hydrogentat ion. 
The combination of oxazolidinone. anisylidcne and p-nitrobenzvl protective groups 
with their new possibilities for high yield synthesis and selective removal should open 
Up new routes for dissaccnaridc synthesis. 
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CHAFER I 
DITROrUCmOT AN'D PROBITY 
AzdLnosiigsrs are widely distributed in natural products , such us 
polysaccharides and antibiotics, nucleotide derivatives and glycosides 
(33)- Ihere are rare Than thirteen different amino sugars which 
"have been identified as corpcrents of bacteria or bacterial products. 
More than forty-three antibiotics are known to contain different 
andncsugars (3)- The recent treatises edited by Belazs and Jeanloz 
(3)(*0(5) give an exhaustive view of the chemisciy and biology of 
ccrpounds containing anunosugars including the primary and secondary 
structures of aminosugar containing polysaccharides, peptides, proteins 
and lipids,, and their distribution and biological role, rot aboil cm and 
interaction. Otter reviews of the nature, biological and medical 
importance of aminosugars were given by Dutcher (15), Salt car (5*0, 
Stanek, Cerny, Koeourek, and Pacak (58). 
Hie most cormon and interesting aminosugars are the 2-amino-
2—deoxy-B-hexoses, ccrarmly named glucosamine, galactosamine, etc., 
which are found in ctetin and biyaluronic acids and in such well known 
antibiotics as streptomycin and neonycine (13)- Che of the 2-amino-
2-deoxy hexoses is manriosamine (2-amino-2-decry-B-mannose) which 
has been found and identified in bacterial cell walls. B.T. Pickering 
(US) found it in cell walls of Clostridum Welchii, Shabarova, Buchanan, 
and Baddiley (55) in a polysaccharide from Micrococcus lysodeikticus. 
Perkins (if7) first reported that 2-acetamido-2-deoxy-D-mannuronic 
acid occured as one of the constituents of the D-glucose containing 
polymer isolated from the cell v/alls of Micrococcus Iysodeikticus 
2 
from. extraction. Rosenthal end Sharer: (56) isolated an UI1P-sugar 
which was suggested to be an N-acety3_ated amino hexurcrdc acid. 
Corrh and Rosenan (12) reported that IVmsruOGazsriLne was a structural 
coiipcnent of N-acety l-neuraminlc acid. 
Because the isolaticn and identification of aminosugars is rather 
difficult, it is quite possible that sore of the so-called glucosamine 
found in nature will be identified later as other 2-aninosugars. For 
example, neuraminic acid was believed to contain the glucosamine 
structure but later was shown to incorporate mannosamine. It is knov.n 
that the epimeric equilibrium under alkaline conditions between M-
acety3-glucosamine and N-acety 1-rrannosamine contains Bb% of the former 
epimer. In view of these facts, it is possible that the M-acetylated 
amine hexuronic acid, which was found in Micrococcus Lysodeiktics 
was actually 2-acetamido-2-deoxy-D-mannuronic acid. A recent account 
of research in this area was given by Jeanlos (27). In 1969 > fiayer 
(33) obtained evidence for the presence of 2-amino-2-deoxy-R-rrannuronic 
acid in an antigenic polysaccharide of Escherichia coli K—7• This 
suggests that mannosamine and mannos amine uronic acid may be more 
corrnion in natural products. The importance of their chemical and 
biological role is barely foreseen at the present time. 
In spite of the biological importance of mannose and mannosamine, 
relatively little has been done in their fundamental chemistry. The 
derivatives of . mannosamine are relatively difficult to prepare. 
In the case of the ethyl glycosides of mannosamine,Gross,Erendel and 
Zinorrman (24) found that the direct glycosidation of NT-acetyl-
martnosamine yielded furanoside along with pyranoside. The ethyl 
pyranoside was not easily purified. N-acety 1 -g-nannosamine has been 
prepared by episserizatlm of N-aceby i-jj-g]uccs-mine acid. (32) Volfrcn, 3 
Chdkravorty and Hortor. (bC) prepared phenylglyoosides. Kathyl glycos'cV: 
of phsnyl-oxazollnos of r anticsavdr vrere prepared ty foyer zu 
Jteckerdorf <^S). firry 1, inethyl and ethyl glycosides have all beer, used 
to prepared ?,6-diamin'—2,6-di-dco^y-^-TVmannose. four* selectively 
substituted reethy 1 2~acet.amidc-2-Geoxy-j<3-f-~nariocpyrancrides were 
prepared by Choudhary CH) •Gross 5 Brendel and Ziirr.ierTran (2^) also 
prepaid 2-axaino-2,6-di-deozy-D-inannose (Rhaiziosaniine). Kundu, 
Crswfore, Projsnsr. Reed and Rosenthal (3D synthesized 2-amino-2-deaxy-
D-mannuronic acid from 2-amino-2-deoxy-D-mannose. However, their 
synthetic method of converting 2-benzyloxj'carbon;-''lamiao-2-deoxy-D-
marmoRe into the glycoside by benzyl alcohol and hydrogen chloride may 
have given a mixture of pyransoides and fUranosides. 
The authors also report the synthesis of benzyl 2-benzyloxy-
carbonyland,do-2—deoxy-D-manjicsiduronic acid, however, they do not 
quote a yield of final product. Their pure, final product appears 
to have the pyranose structure by the result of a periodate oxidation. 
However - their precursor before oxidation may still have contained 
appreciable amounts cf furanoside. Also, it is well known, that 
mannose Itself on direct glycosidation gives a mixture of all four 
possible glycosides, with pyranose and furanose structure (l^a). 
Derivatives of 2-amines 2-decxy-I>-mannopyranose are therefore best 
obtained from compounds which clearly have already the pyranose structure, 
which should be retained throughout the synthetic sequence. The pyranose 
structure can be fixed and the monosaccharide can be protected at the 
same time against alkaline and oxidative decomposition, when the C-l hydroxy 1 
group is tied up in a glycosidic linkage. Benzyl glycosides give 
-I 
improved crystallisation properties and can be removed under mild 
conditions not only by acid, tut also by hydrogenatiGR. KcClcskey 
(3*0 reviewed the cJjeinistiy of benzyl ethers and benzyl glycosides 
of monosaccharides, In 1951 Ballou, Rosernan, and Link (6) reported 
a certain sterospeclficity in the hydrcgenolys is of acetyl ate a benzyl 
glycopyranosides ir. ether solution with palladium as the catalyst. 
Work in our laboratory has centered for some time on cyclic 
blocking groups to block tire positions 2 and 3 of 2-aminc-2-deoxy- cC 
D-hexoses and leave the positions 1, and open for synthetic reactions 
without the participation, interference, or steric hindrance by the-
blocking group. Miyai (38) outlines the following requirements for 
a useful blocking group: 
1. The blocked compound should be prepared in high yield in 
a simple manner. 
2. lire reaction between the blocking agent and the grau.p to 
be blocked must be selective and sterospecific. 
3. The chemical properties of the blocking group rnust be such 
that it can be removed again selectively without altering 
tlve rest of the molecule. 
lj. U\e blocking group must net intermolecularly or intramolecularly 
participate in any reactions at the reactive sites. 
5. The blocking group must not sterically hinder any reactions 
at the reactive sites. 
A survey of the cyclic protection groups most commonly used in 
general carbohydrate chemistry is found in the treatise edited by 
Whistler and Wolfram (59). Horton (25) summarized a series of der­
ivatives where the heterocyclic ring is fused to position 1, 2 of the 
glucopyranose ring. The work done in the chemistry of 2-oxazolidinone 
has been reviewed by Eyen and Swern (16). The most widely used cyclic 
derivatives cf carbohydrates are acetals (58). r-xamples for cyclic 
blocking groups are the *J,6-0-bfcnsylidene group which is stable towards 
alkaline and sensitive to acid, and the cyclic carbonates (26) which 
N 
are stable towards acid aid sensitive tc ease. Y.Gth the aid of there 
blocking groups, numerous and diverse synthetic goals ir. carbohydrate 
ci serais try were realized in the past tO years. Other heterocyclic 
clocking groups which have beer used for the synthesis of new ami no-
sugars ax-e oxasolines and oxazolidinones. 1, 2-cls fused oxazolines 
were used by Gigg, Carroll, aid Warren (16) (19) (20) and Micheel 
and co-workers (35)(36)(37), 2,3 cis oxazolines were used by Reckendcrf 
and Bonner (^9),and Reckendorf:()'!8)Ghcat :hray and Gross (11) found that 
the phenyl oxazoline derivatives of mannosamine are extremely stable 
towards a3kali even under drastic conditions. 1,2 cis oxazolidinone s 
(35)(36)(37) are also laiown. 2,3-cis oxazolidinones were prepared by 
Baker and Joseph (1), Gross, Brendel and Zimmerman (22)(23),. Shiyock 
and Zimmerman (57), Noorzad and Gross (11^4), Baker and Eeilsen (2), 
Rhoads and Gross (50). Trans-fused oxazolidinone derivatives of gluco­
samine (benzyl 2-amin o-4,6-0-benzylidene-2-deoxy-D-glucopyrancside-
2,3-cafbajnates) were prepared recently by Myai and Gross (*?1). 
Miyai and Gross (4l) have investigated methods for the preparation 
of cis and trans oxazolidinone corrpounds from ft-amino alcohols. 
The general reagents used for the preparations are hexachloroacetcne, N, 
N'-carbcnyl diimidazole, phosgene,cr' dipheitylearbchate.Miyai and Gross 
(ill) found that hexachloroacetone is suitable for the preparation of 
cis cxazolidinones but not for trans oxazolidinones. The best method 
for the preparation of benzyl ,6-0-benzylidene- P -B-gluc opyranos ido-
[2.3.:4*.5' ]-2'-oxazolidinone gave only 63^ yield. Since the yield 
of intermediate compounds in a multi-step synthesis is inportant, 
hi^ier yields for linking the potentially iipcrtant oxazolidinone 
c 
protective group to the sugar would have great practical value. 
t 
Silylation as an auxlliarymethod of organic synthesis was 
reviewed by Birkcfer and Ritter (8X9), Ruehlnam (53). Hie tern 
silylation is used to denote the introduction cf triorganosilyl 
moieties especially the trimethyl species* into organic ccnpounds (8). 
Groups sueh as -NH, and -OH can be silylated with t rime thy 1 chic rosi lane, 
hexarrethyldisilazane, or N-t rime thyIsily 1 acetamide. The tricrganosilyl 
moiety in the organic conpounds can either be replaced with the In­
troduction of another functional group or may be used as a protective 
group in organic snythesis. 
• In suxrmary, as we reviewed the state of mannosaMne chemistry 
and possible routes to disaccharides containing mannosamine, the 
following inprovements appeared to be important: 
1. A sterospecific, unequivocal route to benzyl glycosides 
of mannosamine and rannosaminuronic acid had to be found, 
and the benzylglycosides were to be investigated with respect 
to their selective removal by hydrogenaticn in the presence 
of e.g. the benzylid.ene group. 
2. The synthesis of 2,3 carbamates (oxazolidinones) of mannosamine, 
possibly by an improved method was to be studied, in view 
of the possible use of this group in disaccharide synthesis. 
CHAPTER II 
METHODS AND DISCUSSION OF RESULTS 
HUVKSAMEKE AND ISANNOSAKINE URONIC ACIDS 
In order to synthesize the biologically important benzyl--
^-glycosides of mannosamine and rrvannosamine uronic acids a series 
of precursors had to be prepared from D-glucose. 
- The benzyl glycoside of</_ -D-glucose, II, was prepared by the 
condensation of D-glucose, I, with benzyl alcohol in the presence 
of toluenesulf'onic acid. It is essential tc remove the water pro­
duced from the reaction by connecting the reaction vessel tc a vacuum 
pimp, thus shifting the chemical equilibrium, to the product side. 
While the resulting benzyl ^-D-glucoside Is a simple one, it has apparently 
never been described in the literature. Our' attenpts}to crystallize 
it from the reaction mixture, did not meet with success. It was 
found, however, that crystalline benzyl-4,6—O-benzylidene—gluccpyranoside 
III can be prepared from the syrupy benzyl -cC—D-glucose II without 
any laborious purification or isolation. Benzyl—4,6-0—ben zylidene— 
—D—glucopyranoside was prepared by the standard method (51) • 
result of the elemental analysis of compound III indicates that it 
is in the form of a hydrate. Preparation of benzyl &C-D-giucoside was accom­
plished: by the cleavage of the benzylidene group of III. 
Ac- : -COCH  ̂
Ez- : -COCgH  ̂
Cbz- : -COOCH2C6H5 
Ms- : -S02CH3 





oC -D-allopyrancside (V) 
Figure 2 
Benzyl 4,o-0-benzylidene 2,3-dI-C-mcthanesulfony 1-oC-D-glucopyranoside 
IV was prepared by the method used by Ohle and Spencker (-'45) for the 
preparation of methyl 4,6-O-benzylidcne-2-3-di-Q-p-tolysulfonyl-0>(.-
D-cLucopyranoslde substituting only methanesulfonyl chloride for 
toluenesulfonyl chloride. Tne best yield was obtained by recrystal-
liz.ing the starting material III from toluene to remove hydrate water 
and using an excess of methanesulfonyl chloride in pyridine. 
Benzyl 2,3-anhydro 4,6-0-benzylidene c£-D-allopyranoside V was 
prepared by treatment of the dimesylate compound IV with alkali. 
TWo methods were used, both similar to the one used by Rlchtrryer 
aid Hudson (51) to prepare methyl-2,3-anhydro-4,6-0-benzylidene-,;£-
D-allopyranoside with sodium methoxide and 1,2-dichloroethane. In 
the first, we found dichloromethane to be the better solvent, since 
it does not react noticeably with the methoxide. In the other method 
we used dioxane instead of 1,2-dichloromethane. 
A widely used method for introducing negative groups into a 
sugar is the nucleophilic opening of epoxide rings (43). Benzyl-
2-arnino-4,6-0-benzylidene-2-deoxy-altropyranoside, VI, was prepared 
by this method. A mixture of compound IV, saturated ammonia in 
methanol, and concentrated ammonium hydroxide were heated in a closed 
autoclave at 100° for one or two days as described by ftyers and 
Robertson (34a). Because of the back side attack of the nucleophile 
ammonia and the fixed conformation of the pyranoside ring due to the 
presence of the benzylidene bridge, the trans diaxial product, ccnpcund 
VI, predominates 20:1 over the trans diequatorial product benzyl 
4,6-0-benzylidene-3-amino-3-deoxy-glucopyranoside, VII. Hie t.l.c. 








by Furst and Flattner (17) and Newth (^3) that trans diaxial opening 
is favored over trans diequatorlal opening. In order, to separate com­
pound VI from compound VII, several re crystal] 1 zaticns were made from 
ethanol, followed by a final crystallization from tetrahydrofuran/ 
diisqprqpyl ether. 
Conpound VI was selectively N-acetylated. in methanol solution 
with acetic anhydride to give the N-acetylated conpound, benzyl 2-
aeetamido-4,6-0-ben zylidene-2-deoxy-,£ -I>-alt rcpyranosj.de VIII. Winstein 
and Eoschan (61) demonstrated that sodium acetate in aqueous methoxy-
ethanol causes displacement of one or two mesyl groups with config-
urational inversion. The reactj.cn is generally limited to a mesyl 
group with a neighbouring acetanido group situated trans. 
Ir. the preparation of benzyl-2-acetamido-*i,6-0-benzylidene-2-
deoxy-3-0-methanesulfonyl-i?C-D-altropyranoside (IX) »conpound VIII, 
f.hich tends to form a hydrate, should be well dried in a vacuum pistol 
overnight at 60°. Conpound VIII v/as mesylated in pyridine at 0° 
with methanesulfonyl chloride. Conpound IX is not very stable, and 
decomposes when stored or heated. Choudhray (11) found also that 
methyl-2-acet amido-2- deoxy-3-0-methanesulfonyl ;-v£ -D-altropyranoside 
was degraded by reciystallization when the solution became acidic by 
eliminated methanesulfonic acid. Because of the trans diaxial ar­
rangement of methanesulfonyl and acetamido group such an elimination 
should occur v/ith great ease. Benzyl-2-acetamido-4,6-0-benzylidene-
2-deoxy-^-D-mannopyranoside (X )resulted by displacement of the - -3_0-
•methanesulfcry 1 residue from the altro-derivative when compound 
IX was heated in aqueous nethoxy-ethanol and ethcxy-ethanol with 
V 





derivatives of Benzyl 2-Amino-i!,6-0-benzylidene-
2-deoxy-*<.-D-altrop.yranos ids 
Figure 4 
Rhoads and Gross (50) found that the basicity of the reagent ir. the 
main factor to determine the mode of neighboring group participation 
of different acylamido groups. In a strongly basic medium, the nitrogen 
participates in the loacticn and after de-acylation an epimine is forced 
With a weak base such as acetate ion, the carbonyl oxygen participates 
in the reaction and forms the amino oxasoline first which then hydrolyzee 
to the amino alcohol. No attenpt was made to isolate the intermediate 
oxasoline in the preparation of compound X. 
Compound X was then de-acetylated with concentrated potassium, 
hydroxide in ethanol solution to give the free base,, benzyl 2-amino-
^,6-0-benzylidene-2-deoxy-^-D-mannopyranoside, XI, which was then 
converted in quantitative yield to benzyl 4,6^Q-benzy lidene-2-
benzyloxycarbonylamido-2-deoxy^-D-mannopyrancside XII, with carbobensoxy 
chloride, chloroform, and aqueous bicarbonate. The free base, compound 
XI, was also converted to benzy P-aeetamido-3, ̂  5 6-trI-O-acety l-^^eoxy-TP^-
D-mannopyranoside (XIX), an amorphous substance, by removal of the 
benzylidene group and acetylation with acetic anhydride in pyridine. 
Compound XII was debenzylidinated with aqueous acetic acid to give 
benzyl 2-benzv 1 oxy carbony larnido-2-decxy-^-D-mannopyranoside ,XIII, 
which is very difficult to crystallize. The compound was finally obtained 
solid (perhaps as a hydrate) with a wide melting point range. 
The optical rotation was found to be +60° in dioxane compared to 
+36.7° for the same conpound prepared by Kundu, Crawford, Prajsnar, 
Rosenthal (31) by a different synthetic route. Since our compound 
clearly has the structure of an o£-pyranoside, it appears that the one 
synthesized by Kundu et. al. is probably contaminated with the 
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XIX XVIII 
Preparation of 
benzyl-2-acetanido-3 j ̂  > 6-tri-0-acety"l-2-de6xy-
^C-EMnamopyranosidc aid benzyl-2-amIno-
2-deoxi'~tfC-l>mannopyranoside hydrochloride avi 
Figure 6 
Compound XIIT i-jos dissolved in aqueous dloxane arid was oxidised 
with cxygen in the presence of platinum catalyst st about B0°. The 
pH of the solution was kept at 7-8. After 10 hours, the catalyst 
was filtered off and the solution was concentrated and acidified 
with 3 N hydrochloric acid. The yield of XIV \-mz less than 205. One of 
• the other products forced was identified as benzyl D—manncpyrsnosidc 
[2.3:4 \ 5']-2 *- oxazolidinone (Xy). An attempt to oxidized compound XV 
under the same condition was unsuccessful because the starting material 
did not react. Benzyl 2-acet ami do- *!, 6-0-b en zyl i dene-2-de ox^/^i-P-manno-
pyranoside was de-benzylldenated and oxidized under the same conditions 
as above and benzyl 2-acet ami do- 2-deoxy-mannopyranosidurc-nic acid,XVII 
was formed in good yield. 
Silylation has. often been used as an auxiliary method cf organic 
synthesis (8). We have used a new method to prepare benzyl ^,6-0-
benzylidene glucopyranosido [2.3:V.5' 1-2*-oxazolidinone (XXXVII), 
and benzyl 4,6-0-benzylidene mannopyranosido [2.3:4'.5'J-2'-oxazolidinone 
XX by reacting the trimethyl silylated compound Xla and XXXVI with 
phosgene„ 
Trimethyl silylation of the amino alcohols XI and XXXVI could be 
conveniently effected by reaction with hexamethyldisilazane in 
xylene. Atterrpts to use trimethyl silyl chloride in the presence 
of base, e.g. pyridine, triethyl amine, were unsuccessful. This is 
probably due to the cleavage of the benzylidene group by the acid 
produced because slow moving decomposition products were found by 
1.1. c. The yields obtained with this new method for the generation 
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mannopyranosidurcriic acid ~ 
Figure 8 
virtual ]y absent. The method represents a significant advance, 
20 
especially for the synthesis of trans, fused oxazolidinone. 
Benzyl ^,6-C-benzylidene^-D-nannopyranosido [2.3: V .5']-2'-
oxazolidinone (XX) was also prepared by the reaction cf benzyl 2-amino-
^ , 6-0-tenzylidene-2-deoxy-j/^-p-mann°Pyranoside (XI) with diphenyl 
caibcnate/sodium phenoxide in dimethyl fomaide. 
Attempts were made to synthesize XX from benzyl^,6-0-benzylidene-
2-benzyloxycarbonylamido-2-deoxy-3-0-*nethanesulfonyl-*£- D-altropyranoside 
XXII in boiling ethoxy etha-nolA mixture containing mainly compound XX 
was obtained. A mixture was also obtained from benzyl ,6-0-benz.ylidene 
2-deoxy-3-0-methanesulfonyl~2-phenoxycarbonylamido^-D-altropyranoside. 
Cis and trans oxazo 11 dlnone protective groups are generally more stable 
towards acid than towards base (11). This made it possible to remove 
the benzylidene group in aqueous acetic acid with the retention of the 
oxazolidinone protective group. We also found that the oxazolidinone 
protective group was stable against hydrogenolysis. However, in the 
hydrogenolysis of compound XX we found that the hydrogenation removed 
the 4,6-0-benzylidene group and the benzyl aglycon at comparable rates. 
It is not always possible to remove the benzyl glycoside by hydrogenation 
Without partially cleaving the benzylidene group. A corrparison of 
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glucose, D~xylose and D-arabinose was made by Eallcu, Roseman, and 
Link (6). For exajrple, the cleavage of the benzyl o6-B-glyeocyranesi.de 
tetraacetate oecured in 3 minutes wheras the r£ ancrer required 8 
hours. Ibe results were generalized (3'0 - The' benzyl aglycon located 
trans to the substituer.t group on C-2 supposedly is cleaved much 
faster than a benzyl aglycon in cis position to the substituent 
group on C-2. 
In the case of our benzyl 4,6-O-benzylidene corpound XX the 
benzyl group is axial trans to the group at C-2, but the hydrogenolytic 
cleavage of the banzyl group in XX was very slow, as conpared to the 
benzyl -D-glycosides of gluco and alio configurations, in which 
the aglycon is equatorial and trans to the group at C-2. This can be 
generalized as follows: Hydrogenolysis removes an equatorial benzyl 
gpoup easier than an axial one. This interpretation would also 
allow to explain the result by Ballou et. al. (6). Because of the 
conpetitive hydrogenolytic cleavage of the benzyl and benzylidene 
group, a chemical modification of the benzylidene group was used 
to increase the selectivity of the hydrogenation. 
Berse, Boucher, and Piche (7) used p-nitrobenzy 1 oxycartony 1 
groups as protective groups in peptide chemistry, and found that 
such protective groups can be removed very fast by hydrogenation. 
One would expect that a p-methoxy group will slew down the rate of 
hydrogenolytic cleavage because of the opposite electronic effect. 
FOr benzyl 4,6-0-anisylidene-^-D-mannopyranosido [2.3:4' -5']-2'-
oxazoli dlnone (XXVX), we found that the anisylldene group was nuch 
more stable than the benzylidene group against hydrogenation. On 
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It would tie interesting to investigate anisylidene derivatives of 
other sugars. 
Tiie an!sv 11 dene derivative XXVI was prepared as follows: 
Acidic cleavage of the benzylidone group in XX gave benzyl oC~®~ 
manriopyranosido [2.3: V. 5' ]-2'-cxazolidirrone (XXV), which was reacted 
with ants aldehyde and zinc chloride to give benzyl 4,6-0—anisy11dene-
c£-D-mannopyranosido [2.3: .5' ]-2'-cixazolidinone (XXVI) in good 
yield. 
Because of these encouraging results we decided to Investigate 
also the p-nltrobenzyl group. We prepared p-nitrobenzyl-2-acetamido-
t|,6-0-benzylidene-2-decxy-glucopyranoside (XXXIII) by a series of 
reactions, starting from2-acefcanddo-3,4,6-tri-0--acetyl-2-deoxy-*6.-
D-glucopyranosyl chloride (XXX) (14). Compound XXX was converted to 
p-nitrobenzyl 2-acetamido-2-deoxy-^-D-glucopyrancside (XXXII) by 
standard reactions. Compound XXXII reacted with benzaldehyde arid zinc 
chloride to give the final product p-nitrobenzyl 2-acetamido-^, 6-0-
benzyliaene 2-deoxy--D-glucopyranoside (XXXIII). 
Catalytic hydrogenaticn of compound XXXIII with Pd/C gave 2-
acetamido 4,6-O-benzylidene D-glucose (XXXIV). The reaction was 
completed in 3 minutes. Compound (XXXTV) was independently synthesized 
by a known procedure (62). 
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Melting points were determined in a Thomas-Ileaver melting point 
apparatus model Ho. 640*iIT, and are uncorrected. Infrared spectra 
were taken with a Perkin-Elrrer 337 spectrophotometer using potassium 
bromide pellets. Optic"! rotations, v/ere measured with a O.C. Rudolph 
and Sons, Inc., Moc:! 956 polarimeter. 'Ihe homogeneity of the 
compounds synthesized was determined by thin layer chromatography 
using a mixture of two parts Merck silica gel G with one part Merck 
silica gel GF25I1 in water, the plates being activated by heating 
at 120° for two hr. The plates were developed with chloroform 
containing lesser amounts of ethanol or hexane. The conpounds vie re 
visualized by extinct!onpcf the uv fluorescence and by spraying with 
10-15$ sulfuric acid-msthanol and heating for about 15 tnin at 120°. 
The elemental analyses were determined by Alfred Bernhardt Mikroana-
lytisches Laboratorium, EngeIskirchen, West Germany. 
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Benzyl cL -D-glucoside (II): 
A solution of benzyl b,6-0—benzylidene-nC—D-gluc0pyran03i.de> 
compound III (1.0 g, 0.0027*1 mol) in glacial acetic acid (20 ml) 
was heated to 80° and water (20 ml) was added drcpwise ever a period 
of 30 mln. Hie mixture was stirred 3 hr at 75-80°. Evaporation 
of the solvent at reduced pressure was followed by repeated cc-
evaporation with water and finally with toluene. The solid product 
was re crystallized from ethanol-isopropyl ether to give 0.5 S .(682) 
up 120-121° 
Ben zy 1 , 6-0"-ben zylidene-g(.-D-glucopyranos ide (III): 
Anhydrous dextrose (270 g, 1.5 mol) was added to a solution 
of p-toluenesulfonic acid nionohydrate (32 g) in benzyl alcohol 
(2200 ml) in a two neck round bottom flask fitted with a reflux 
condenser and a capillary tube, which was fed with dry nitrogen. 
The condenser was connected to a vacuum purrp by way of a trap cooled 
with dry ice and acetone. The mixture was magnetically stirred 
at 95°/3nm Hg for 3 to 4 hr, after which time a total of' 57 ml of 
water had been collected in the cold trap. The reaction mixture 
was neutralized with sodium irethoxide, and the benzyl alcohol was 
distilled off in vacuo. The thick syrup was washed and digested 
3 times with isopropyl.ether (1 l. total).to remove the remaining 
benzyl alcohol. After decanting the isopropyl ether, the residue 
was shaken for 30 hr with a solution of freshly prepared anhydrous 
zinc chloride (150 g) in benzaldehyde (1500 ml). Isopropyl ether 
was added (1000 ml), and the homogeneous mixture was poured slowly, 
with rapid stirring, into ice water (3 1) and petroleum ether (2 1). 
Ihe precipitate was filtered off and washed 3 times altematingly 
with cold water, and with petroleum ether. It was dried and recry-
stallized from ethanol to give 133 g (25% from dextrose) rrp 158° 
(oC)g5 + ?7<0o 1#00> pyridine)j 3400 (OH), 748, 692 (C6H5) 
Anal. Calcd for C2Q^220G'1/li H2° (362.92): C, 66.20; H, 6.25; 
0, 27.55. Pound: C, 66.06; H, 6.47; 0, 27.37. 
Benzyl 4,6-0-benzylidene-2,3-di-O-methanesu 1 fony -D-glucopyranos ide 
(IV):  
A solution of corrpound III (11.0 g, 0.0214 mol) in absolute 
pyridine (30 ml) was cooled to —5° and methanesulfonyl chloride 
(6 ml) was added dropwise with magnetic stirring. The reaction 
mixture was stirred for 2 hr and then kept at -5° for 18 hr and 
at room tenperature for 5 hr. The mixture was poured on ice with 
stirring. The solid was filtered off, air dried, and recxystallized 
from isqpropanol to give 12-5 g (82.3?) n? 138-138° (^)p^ + 82.5° 
(O 1-00, pyridine) 1340 (sulfonate S02) 770 , 705(CgH^) 
Anal. Calcd for C22H2g0iQS2 (514.58): C, 51-35; H, 5-10; 
0, 31.10; S, 12.47- Found: C, 51-13; H, 5.38; 0, 31.15 
s, 12.30. 
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Benzyl 2,3-anhydro-*4,6-benzylidenc-P6-D--allcpyrano5ldg (V): 
a. A solution of compound IV (35-6 g> 0-0691 mcl) in dichloromethane 
(500 ml) was cooled to 0°, and a cold solution of sodium methoxide 
(7- 84 g sodium in 12c ml methanol) was added. The mixture was kept 
in the refrigerator for 3 days with occasional shaking, and then at 
room tenperature for 2 days. Hie solution was diluted with distilled 
water,, crystalline V was filtered from both liquid phases, and the 
dichlorcmethane layer was separated. The water layer v/as extracted 
with dichlorome thane. The combined dichlorcmethane layers vie re washed 
with water, dried over calcium chloride, and evaporated in vacuo 
at room temperature. The combined products were washed with ether 
and re crystallized from absolute ethanol to give 20.0 g (.85*) mp 
180-182° 3475 (MI), 1675 (amide 0=0), 765, 770 (CgH5) (<^)p5 
+ 105° (C 1.00, pyridine) 
Anal. Calcd for C2QK2(p5 (340.40): C, 70-58; H, 5-92; 0, 23-51 
Pound: C, 70.82; H, 5-89; 0, 23-66. 
b. A solution of compound IV (30 g, 0.06 mol) and sodium methoxide 
(5.16 g, 0.18 mol) in absolute dioxane (360 ml) and methanol (50 ml) 
was stirred at 5° for 5 hr and at room temperature for 6 days. 
Part of the product precipitated and was filtered out. The solvents 
were evaporated in vacuo at room temperature. Residue and precipitate 
were shaken with water for 5 hr. The solids were filtered out and 
recrystalllzed from absolute alcohol to give 17-5 g (86?) with 
constants identical to the ones above. 
Benzyl 2-amino-4,6-0-benzylldene-2-deoxy-gC-D-altrap.yranoslde (VI): 
Compound V (23 g, 0.0676 mol), methanol saturated with ammonia 
34 
(920 ml) and concentrated ammonium hydroxide (230 ml) were mixed in 
a 2 liter stainless autoclave, which was then closed and heated in an 
oil bath at 110° for two days. A clear solution was obtained. The methanol 
was evaporated, and the resulting precipitate was filtered off dissolved, 
in tetrahydrofdran and re-precipitated with diiscpropyl ether. It 
was filtered and recrystallized from absolute ethanol to give 24.3 g 
(86.5*) np 159-160° (et')jp + 73-7° (0 0.68, pyridine). 
Anal. Calcd for C2GU2J105 (357-4) Vwax 3500, 3400 (NK2), 
750, 700 (C6H5: C, 67.20; H, 6.49; N, 3-92; 0, 22.39-
Pound: C, 67-48; H, 6.76; N, 3-47; O, 22.62 
Benzyl 2-acetamido-4,6-0-benzylidene-g-deoxy-o(.-D-altropyranoslde 
(VIII): 
To a solution of VI (15 g, 0.0375 mol) in dioxane (40 ml) and 
methanol (300 ml), acetic anhydride (5-4 ml) was added. The reaction 
mixture was stirred at room temperature for one hr. Pyridine (5.4 ml) 
and another portion of acetic anhydride (5-4 ml) were added and stir­
ring was continued for another hr at room teuperature. Then, another 
portion of pyridine (10.8 ml) and acetic anhydride (5-4 ml) were 
added. The resulting mixture was evaporated in vacuo and diethyl 
ether was added. The product was collected by filtration and washed 
with diethyl ether. Re crystallization from dioxane-chloroform gave 
15-0 g (89-3Z) np 205-207° + 51-2° (C 1.84, pyridine) 1/*^ 
3475 (NH), 1675 (amide 0=0) 765, 700 (C6H5) 
Anal. Calcd for (399.4): C, 66.14; H, 6.31; N, 3-51-
Found: C, 66,75; H, 6.47; N, 3-46. 
Benzyl 2-acetam.ido-4,6-0-bfnzylldene-?-deoxy-3-0-Tnsthanosulfonyl-
<?C -I>-altropyrano5.tdg (IX): 
To a solution of VIII (5.5 £> 0.0153 mol) in absolute pyridine 
(20 ml) was added, dropwise, methanesulfonyl chloride ( 2 ml) with 
stirring at 0°. After 24 hr at 0°, the reaction mixture was poured 
on ice,with stirring. He precipitate was filtered off, crystallized 
from diehloromethane-ether, and cautiously recrystallized from iso-
propanol to give 5-8 g (91.5?) np 96-100° + 31.0° (C 1.00, 
pyridine) 
Anal. Ceiled for C23H27hsOQ W7.52): C, 57-85; H, 5-70; N, 2.93; 
S, 6.71. Found: C, 57.09; H, 5-87; N, 2.41; S, 6.04. 
Benzyl 2-acetami do- 4,6-0-b e n zy lidene-2-deoxy- -D-mannopyranoside 
00: . 
A mixture of corrpound IX (5.5 g, 0.011 mol) potassium acetate 
(8 g), water (20 ml), distilled methoxyethanol (80 ml), and ethoxyethanol 
(100 ml) was re fluxed 30 hr, decolorized twice with charcoal, and 
then evaporated. The residue was shaken with water, filtered off, 
and recrystallized from isopropanol to give 3-70 g (79%) np 220-222° 
+ 29.0 (C 1.62, pyridine) 3350 (NH), 1625 (amide 00), 
750, 700 (C6H5) 
Anal. Calcd for ̂ ^^0^1/2 H20 (418.4): C, 64-70; H, 6.42; 
N, 3.43. Found: C, 65-08; H, 6.42; N, 3-57-
Benzyl 2-amino-4,6-0-benzylidsne-2-deoxy-gC-I>-mannopyranoslde (XI): 
A mixture of corpound X (2.8 g, O.OO67 mol), potassium hydroxide 
(12 g ) and 95% ethanol (40 ml) was re fluxed in a nitrogen atmosphere 
for 10 hr and then poured into hot water (150 ml). Hie resulting 
lurps were crushed, stirred^ and the suspension kept at --j° c\vrr.!;rt~ 
-The product was filtered out and recrystaliized frcn cihanci-w-or 
with decolorization with charcoal. A final rocr.-stallirotlrr Pen 
tetrahydrofuran and iscpropyl ether gave 2. 3 £ (90*) rp 129..] 3'0 
(<*-)g5 + 57,5 (C 2.2, DMF) 1/^3^50, 3^00 (15!), 750, 700 (Cc!L ) 
A n a l .  C a l c d  f o r  C ^ q H ^ N C ^  ( 3 5 7 - h ) :  C ,  6 7 , 2 0 ;  H ,  6 . < 1 9 ;  ? • ,  3 . 9 2 .  
F o u n d :  C ,  6 7 - 9 5 ;  H ,  6 - h h ;  N ,  3 . 8 2 .  
Benzyl <1,6-0-benzylidene-2-benzyloxycarbcry 1 amido-2-denyy_y_*>_ 
« 
irannopyranos 1 de (XII): 
Alcohol free chloroform (<10 ml), potassium bicarbonate (jj g) 
and water (<10 ml) were shaken for one hr at room torporature. 
Benzyl 2-amino-<l,6-0-benzylidene-2-deoxy-^-D-manncpyranoslde 
(0.8 g, 0.0022<1 mol) and carbobenzoxy chloride (0. h g) were added 
and shaken continuously for 10 hr at room tenperature. The chloro­
form layer was separated and evaporated under reduced pressure at 
25°• Isopropyl ether (10 ml) and hexane (50 ml) were added to the 
residue and the precipitate was collected by filtration. Fccrystalli 
f r o m  i s c p r o p y l  e t h e r  g a v e  1 . 0 5  6  ( 9 5 ? ) >  £ P  1 1 7 - 1 1 8 °  * 5 . 5  
(O 1.0<», pyridine) 3355 (NH), 1710 (C=0) 7«5* 695 (C^) 
Anal. Calcd for C2gfegMO (^91-51): C, 63.<i2; H, 5-9^; 2..8p. 
Found: C, 68.07; H* 6.12; H, 2.35-
Benzyl 2-benzyloxycarbonvlamdo-2-deox:/-^-B-m^rL.-. i.. — 1--. ̂ —— 
A solution of compound XEE (1.0 g> In glacial acetic acid (9 ri) 
was heated to 80° and water (9 ml) was added drcpwise ever a period 
of 30 min. Ihe mixture was stirred 3 hr at 75-80 . o—n c. 
the solvent at reduced pressure was followed by repeated co-evapcrati 
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with water and finally with toluene. Hie remaining syrup was dissolved 
in a small amount of chloroform. A small amount of diisopropyl ether, 
satiated with water, was added. A stream of was blown into the 
flask to evaporate the 'solvents- - The residue was washed 
with methyl cyclohexane and petroleum ether. The white solid powder 
was filtered, and dried over CaCl2 in a desiccator overnight to 
give 0.7 g (85*), RP 51-60° (*C)25 + 59.0 (C 1.0, dioxane) 
Anal. Calcd for C21H25no7 (411.42): C, 59-85; H, 6.^6; N, 3-33-
Found: C, 60.12; H, 6.22; N, 3-37 
. Benzyl 2-b en zy1oxy carb ony 1 ami do- 2-de oxy-iX. -D-mann opy rar.os 1 duroni c 
acid (XIV): . 
To a solution of compound XIII (1.00 g) in p-dioxane (10 ml) 
and water (100 ml), freshly reduced Pt (0.5 g, from Adams catalyst 
Pt02) was added. The mixture was stirred at 7°° with a vibrator and oxygen 
was introduced at about 12 bubbles per second. The pH of the solution 
was kept between 7 3rd 7-5 with saturated potassium bicarbonate. 
After 8 hr, the suspension was filtered. The filtrate was concentrated, 
cooled and acidified with 3 M HC1 to bring the pHto 3- Ihe yellow 
solid was filtered and recry stall! zed from aqueous ethanol, to give 
0.216 g (21*) np 171-172° (oO)l5 = + 35° (C 1, dioxane) 
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Benzyl cC -D-marinop.vrancsi dc^ j~2 . 3; 4».5' 1-21 oxazciidincno (XV): 
Benzyl 4,6-0-benzylidone-^-;D-manncpyranosido-r2.3: 4* .5' ]-2'-
oxazolidinone (0.9 G> 0.0032 nol) was dissolved in glacial acetic 
acid (20 ml). The solution was heated to °0C for 10 rain with dropwise 
addition of water (10 ml). Stirring of the reaction mixture was 
continued for one hr at 90°. The cooled solution was evaporated in 
vacuo, followed by' repeated co-evaporation with water followed by ethanol 
and toluene. The dry residue was reciystallized from 1,2 dichloro-
ethane to give 0.6 g (8*1.5%), np 125-126° (^)^ + 33-8 (C 1, pyridine) 
^ax 3350 (MI), 1775 (0=0) 7^0, 69.0 (Cgiy 
Anal. Calcd for Cli4H17N06 (295-28*0 C, 56.94; H, 5-80; N, 4.75. 
Found: C, 57-12; H, 5-89; N, 4.88. 
Benzyl 2-acetar,-iido-2-deox:/-<<.-D-rranncFyranosiduronic acid (XVII): 
The solution of benzyl 2-acetamido-4,6-0-benzylidene-2-deoxy-
^-D-rrtannopyranoside (X) (1.5 0.00358 mol) in glacial acetic acid 
(9 ml) was stirred at 80° for 20 min with dropwise addition of water 
(9 ml), and then for another 20 min. After evaporation in vacuo, 
water was added and evaporated in vacuo three times, to remove the 
acetic acid. The remainder was oxidized at 80° in a suspension of 
freshly reduced Pt (0.5 g frcm Adams catalyst Pt02) in water (100 ml) 
with a vibrator and oxygen bubbling at about 12 bubbles per second. 
Potassium bicarbonate was added to keep the pH between 7 and 7.5. 
After a total of 3 hr, the Pt02 was filtered off and the solution 
was concentrated to vacuo and acidified with 31 HC1. The mixture 
was kept at 0° overnight, the precipitate filtered off, ar.d reciystallized 
from ethanol-lsopropanol to give 0.85 g (73? from ccrpound X) np 208-209" 
39 
(Ot)2^ + 59.0 (C 1.0, pyridine) I3340 (NH), 1700 (CO), ?60, 
700 (C6H5) 
Anal. Calcd for C-^H-j^KCy (325,3): C, 55-38; H, 5-89; iJ, 4.31; 
0, 34.43. Pound: C, 55-25; H, 5-56; N, 4.45; 0, 34-57-
Ben2yl-2-amlriO-2-deoxy-gC-D-Tnanncpyranc-slde hydrochloride (XVIII): 
lb a solution of compound XI (0.2 g) in ethanol (4 ml) 4 equivalents 
of concentrated hydrochloric acid were, added and nefluxed for 2 rln. 
Tbe solution was evaporated in vacuo. Ethylacetate was added to the 
residue and the mixture kept at -5°- Ihe precipitate was filtered 
off, and recrystallized from ethanol-isopropanol-ether, to five 
0.179 g (84?) up 200-201° (CC)25 + 65.3 (C 1.0, water) 
Anal. Calcd for C13H20 C1N0 • 1/2 H20 (314.8): C, 49-44; H, 6.90; 
5 
N, 4.51. Found: C, 49-65; H, 6.73; N, 4.45-
Benzyl 4,6-Q-benzyHdene-fl6-I>mannopyranosido-[2.3:4*.5' ]-2'-oxazolldinone 
(XX): 
a. Benzy 1-2-amino-4,6-0-benzylidene-c>C.-D-mannopyranoside, ctxrpound 
XI (1.428 g, 0.004 mol) was heated in N,N-dimetbylfomamide (28 ml) 
with diphenyleaptonate (1.2 g) and sodium phenoxide (0.12 g) for 20 
hr at 110°. Ice water was added to precipitate the product. It was 
filtered, and recrystallized from absolute ethanol to give 1-2 g 
(72?) up 136-138° (oO^5 -30° (C 1.03, pyridine) 3325 C™)* 
1760 (0=0) 735, 692 (Cgiy 
Anal. Calcd for (383-4): C, 65-78; H, 5-52; N> 3-66. 
Found: C, 65-83; H, 5-77; N, 3-70. 
13. Ben23'1 2-arrino 4,6-0-benzylidene-2-deoxy-i?C--D-nannoP-;,rranoS^<^e 
(0.3 g, 0.00084 mol) hexatrethyldisilazane (1.5 ml) and dried xylene 
40 
(20 ml) were refluxed for 12 hours. Ihe hexamethyldlsllazanc and most 
of the xylene was distilled off. The remaining solution was dropped 
into 4 ml of chloroform containing phosgene (0.4 g). The mixture 
was stirred at room temperature for 3 hr, and evaporated in vacuo. 
Hie solid residue was dissolved in dioxane, water (10 ml) was added 
and the mixture was kept at 0° for 2 hr. The precipitate was filtered 
off and recrystall!zed from absolute ethanol to. give 0.29 g (90%) with 
physical constants identical to the ones above. 
Benzyl - 4.6-Q-benzvlidene--?-hen7.yl-oyyerr-hr"nvi dQ=2sdgg2C£=fiEcO» 
altropyranoside (XXI): 
Alcohol free chloroform (40 ml), potassium bicarbonate (4 g) 
and water (40 ml) were shaken for one hr at room temperature. Benzyl 
2-arrtino-4,6-0-benzylidene-2-deoxy-o£-D-altropyranoside (0.8 g, 0.00224 
mol) and carbobenzoxy chloride (0.4 g) were added and shaking continued 
for 10 hr at room terrperature. The chloroform layer was separated 
and evaporated under reduced pressure at 25°. Isopropyl ether (10 ml) 
and hexane (50 ml) were added to the residue and the precipitate was 
collected by filtration. Ptecrystallization from isoprcpanol .gave 
1.0 g (92?) np 161.5-162.5° (*C)g5 + 24.8° (C 1.8, pyridine) V*rdX 
3350 (N-H), 1700 ( 0=0) 745 , 690 (C6H5) 
Anal. Calcd for C^gH29°7K (^91-51): C, 68.42; H, 5-9^; N, 2.85; 
0, 22.79. Found: C, 68.39; H, 5-83; N, 2.80; 0, 22.96. 
Benzyl 4,6-0-benzylldene 2-ben2ylox:>fcarbcnylamido-2-deoxy-3-0-rrethanesuircnyl-
cL -P-altropyranoslde (XXII): 
A solution of compound XXI (1.32 g, 0.0032 mol) in absolute pyridine 
(3 ml) was cooled to -5° and methanesulfonyl chloride (0.465 g) was 
added dropwise with magnetic stirring. Hie reaction mixture was stirred 
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for two hr, kept in a freezer for 18 hr, at room terperature for 
3 br, and was then poured on ice with stirring. Hie precipitate 
was filtered, dried and recrystallized from isopropanol to give 1.5 g 
(832) np 149-151° + 12.2 (C 1, pyridine) 
t 
Anal. Calcd for C29H31KOgS (569-60): C,61.60; H, 5-49; N, 2.46; 
S, 5-63- Pound: C, 60.62; H, 5.64; N, 2.18; S, 5.0'4 
Benzyl 4 >6-CH?gr!zyIidene-2-dgcxy-2-nhenoxycarbonylamido--<?(-D-
altropyranoside (XXIII):. 
A solution of compound VI (1.775 g, 0.005 mol) in chlorofoim 
was agitated by a vibrator for 15 min with a solution of 52 KHCO^ 
in water (250 ml). Phenylchlorofornate (0.8 g) was added, and the 
mixture was stirred overnight. The chloroform layer was separated 
and evaporated in vacuo. The residue was triturated with isoprcpyl 
ether, filtered off, and recrystallized from ethanol-petroleum ether 
to give 2.15 g (902) np 144-145° (^)p5 + 40.0° (C 1, pyridine) 
Anal. Calcd for (^I^KD (477-49): C, 67-91; H, 5-70; N, 2.94. 
Fbund: C, 68.41; K, 6.01; TJ, 3-04. 
Benzyl 4,6-0-benzylidene-2-deoxy-3-0-rrethanesulfonyl-2-phenoxycarbonylaniido-
OC -D-altropyranoside (XXIV): 
lb a solution of conpound XXIII (1.32 g, 0.003 mol) in absolute 
pyridine (5 ml), methanesulfonyl chloride (0.3 ml) was added with 
stirring at 0° for 24 hr.- The reaction mixture was poured on ice 
with stirring. The precipitate was filtered off, crystallized from 
dichloromethane-ether and recrystallized from isopropanol to give 
1,5 g (902) mp 95-120° dec. fcrfogS = + 22.0 (C 1, pyridine) 
3325 (NH), 1740 (C=0), 1350 (S02) 750, 700 (C6H5) 
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Anal. Calcd. for CjgHp^Ko S (555-59): C, 60-54; H, 5-27; N, 2.52; 
0, 24.39; s, 5,76. Pound: C, 61. 'f7; H, 5-62; N, 2.67; 
0, 24.39; S, 5-88. 
Benzyl 4,6-0-(p-methoxy-frenzy lidene -<<-D-mannopyran os 1 d o [2.3:4' .5* ]-
2'-oxazolidinone (XXVI): 
Benzyl •<?(, -D-mannopyranosido-[2. 3:4'. 5 * ]-2 '-oxazolidi none (1.0 g, 
0.0034 mol), anisaldehyde (10 ml) and fused zinc chloride (1.0 g) 
were shaken at room tenperature for 2 days. Ethyl ether (20 ml) was 
added and undissolved ZnCl2 was separated and discarded. The solution 
was. shaken with water (8 ml) and isoprcpyl ether (12 ml). The mixture 
was then stored at 0° for 3 hr. The precipitate was filtered off, 
and recrystallized from absolute ethanol to give 0.9 g (753) mp , 
I87.5-188.5° (c^)^ = -47.0 (C 1,. pyridine) v/"T 1750 (oxazolidinone) u - IT13-X 
745, 700 (C6H5) 
Anal. Calcd for (413-50): C, 63-90; H, 5-61; N, 3-39-
Found: C, 63-82; H, 5-54; N, 3-34. 
4,6-0-(p-methoxy)- benzylidene-gC-D-mannopyrano3ido[2.3:4t .5' ]-2'~ 
oxazolidincne (XXVII): 
Benzyl 4,6-0-(p-msthoxy) benzyl!dene-D-mannopyranosldo 
[2,3:4,'5']-2'-oxazolidinone (0.207 g, 0.0005 mol) and 103 palladium on 
charcoal (0,027 g) were stirred in dioxane (25 ml) in a hydrogenaticn 
apparatus at room tenperature and at 1 atm hydrogen pressure for 24 hr. 
. . The catalyst was filtered off, the dioxane was evaporated in 
vacuo and water was added to the residue. The precipitate was filtered 
off and recrystallized from ethanol to give 112 mg (703) (o£ ^ =-170 
(CI, pyridine) 1730 (oxazolidinone), 830 (p-methoxy). 
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Anal. Calcd for C15H17N07 (323-294): C, 55-73; H, 5.31; 4.33. 
Bound: C, 55-63; H, 5.44; N, 4.36. 
P-Nitrdbenzvl 2-acetamldo-3,4/wtri-O-acetyl-C-^eoxy-ft -I>-PT. u copy ranos lde. 
(XXXT): 
2-Acetamido-3,4.»6-tri-C-acetyl-2-deoxy-c<,-D-glucopyranosyl chloride 
(XXX) was prepared as described by Hortcn (14). A mixture of compound 
XXX (65 g,0.197mol), p-nitrobenzyl alcohol (43 g), mercuric cyanide 
(60 g) acetonitrile (15 ml) nitronethane (15 ml) was stirred overnight, 
and then poured into water (200 ml) and ethyl ether (250 ml). The 
mixture was stirred for 2 hr. The precipitate (52 g, 94%) was filtered 
off and dried. A sample was recrystallized from boiling water and then 
• 
from ethanol, np 185-186° -17° (C 1.00, pyridine) 
Anal. Calcd for C21H26N2C>11 (482.43) r C, 52-3; H, 5-4; N, 5-8. 
Pbund: Cy 51-7; H, 5-3; N, 5-7-
p-Nitrobenzyl 2-acetamido-2-deoxy-^-D-glucopyranoslde (XXXII): 
The solution of compound XXXT (14.5 g, 0.03 mol), in tetrahydrofuran 
(200 ml), IN KOH (120 ml), and methanol (50 ml) was allowed to 
stand overnight at room tenperature. The-solution was evaporated 
in vacuo to a volume of about 150 ml and the -pH adjusted to ahout 
5 with 5N HC1. The solution was then evaporated to approximately 
135 ®1- The precipitate was filtered off and recrystallized from 
anhydrous ethanol to give 9-4 g (88£) np 231-233° -14° 
(C 1.00, pyridine) 
Anal. Calcd for C15H17N0Q (356.3): C, 50.6; H, 5-6; N, 7-9-
Pound: C, 49.9; H, 5-5; N, 7-8. 
t 
44 
P-Nitrobenzyl 2-acotamido—4, 6^0-ben pyridine— 2-deoxy—;^ -p-rlucopyrnnosi d e 
(XXXIII): 
Compound XXXII (7.05 g, 0.01S8 mol) was dried overnight in a 
vacuum oven at 80° C, and benzaldehyde (20 ml) fused zinc chloride 
(10 g) j and ethyl ether (60 ml) were added. The mixture was stirred 
• overnight at room temperature. Ice and ammonium chloride (2 g) were 
added, and the mixture was shaken well. The precipitate was filtered 
off and washed well with water and with small portions of isopropyl 
alcohol. The product was recrystallized from dicxane to give h. 8 g 
(76%) rrp 275° dec. 
-85-0 (C 1, pyridine) 
Anal, Calcd for C21H21N20g (429.394): C, 59.46; H, 5-44; N, 6.30. 
Found: C, 59-70; H, 5-46; N, 6.11. 
Benzyl 4,6-0~benzylidene-/^-D-glucopyranosido-[2.3>41 -5']-2 
oxazolidinone (XXXVT): 
Benzyl 2-amino 4,6-0-benzylidene-2-deoxy-{5-D-glucopyranoside 
(0.3 g, 0,00084 mol), hexamethyldisilazane (1.5 ml), and dried xylene 
(20 ml) were refluxed for 12 hr. The hexamethyldisilazane and most 
of the xylene was distilled off. The remaining solution was dropped 
into 4 ml of chloroform containing phosgene (0.4 g). The mixture was 
stirred at room temperature for 3 hr and evaporated in vacuo. The 
•solid residue was dissolved in dioxane, water (10 ml) was added and 
the mixture was kept at 0° for 2 hr. The precipitate was filtered 
off and recrystallized from absolute ethanol to give 0.284 (88£). 
Physical properties of compound XXXVI .were identical with those of the authentic 
compound prepared by Myai (41). 
j: j 6-0-frcn?y 11 dene— Q( • -D-n ianno nyranos j do [ 2.3:4 '5 1 ]-2' -oxa? olid inone 
(XXV). 
Benzyl 4, 6 -0-ben?.y 1 idene- 0(-D-manriopyranosldc[2.3:41.5' ]-2 *-
oxazolidlnone (0.20 g, 0.000*51 mod) and 10J5 palladium on charcoal 
(0.20 g) were stirred In dioxane (25 mi.) in a hydrogenatlon apparatus 
at room temperature and at .1 atin hydrogen pressure for 24 hr. The 
catalyst was filtered off, the dioxane was evaporated in vacuo and 
water was added to the residue. The precipitate was filtered off and 
recrystallized from dichloroethane and frcm ethyl acetate/i soprcpyi 
ether to give 84.3 nsg (60%), np 155-1600 dec. 
Anal. Calcd for C-^Hj^NCg (293.27): C, 57.34; H, 5.16; M, 4.73. 
i'ound: C, 57-05;. H, 5-26; N, 4.66. 
2-Acctamido 4,6-0-benzylidene D-glucose (XXXTV). 
Compound XXXIII (0.20 g, 0.00046 mol) and 10* palladium on char­
coal (0.20 g) were stirred in dioxane (25 ml) in a hydrogenation 
apparatus at room tenperature and at 1 atm hydrogen pressure for 10 
minutes. The catalyst was filtered off, the dioxane was evaporated 
in vacuo. The solid residue was recrystallized from water to give 
0.14 z (8ojf) 
Physical properties of compound XXXTV were identical with those 
of the authentic compound Which was Ij^dependently synthesized by a 
known procedure (62) 
SUfMAPY 
The biologically and medically inportant benzyl oC-D-glyccsides 
of inannosa»Tiine and mannosamine uremic acid were syntbes.i zed. Starting 
with £-glucose, benzyl d. -IVglueopyrancside (II), and benzyl 4,6-
O-benzylidene-oL-D-glucopyranoside (III) were prepared. Conpound 
III was me thanesulficnylated to give benzyl 4,6-O-benzylidene 2,3-
dl-0-mei.hanes"i.iJ_fcpyl-pC-D-glucopyranoside (IV). De-irethanesulfcnylation 
of IV in dioxane/sodlum metboxide gave benzyl 2,3-anhydro-J'4,6-0-
benzyli dene &C —C-allopyranoside (V). Cleavage of the epoxide ring in 
V with J®3 gave benzyl 2-amino-4,6- C-ben zy 11 dene-2-deoxy-^C -D-
altropyranoside (VI), subsequently N-acetylated and O-methanesulfonylated 
to give its derivative (IX), which was converted by refluxing with 
aqueous methoxy-ethanol/sodium acetate into benzyl 2-acetamido 4,6-
O-ben zy lidene-2-deoxy-^ -D-manncpyranoside (X). Deb erizy li den at 1 on of 
X, followed by catalytic oxidation, gave the benzyl 2-acetamido-2-
deoxy-^-D-rzannopyranosidurcnic acid (XVII). N-deacetylation of 
conpound X gave the free base (XI), subsequently transformed into the 
N-carbobenzoxy conpound XII, which could be de-benzylidenated and 
catalytically oxidized to give benzyl 2-b en zylojq/c arbcny la7"! do-2-deoxy-^("p-
mannopyranosiduronic acid (XIV). Hie free base, conpound XI, was 
further derivatized by preparing benzyl 4,6-O-benzylidene-mannopyranosido 
[2.-3:4'-5*3-2'-oxazolidinone XX. 
A new method, using trimethyl-silylation of XI followed by treatment 
with phosgene, for the synthesis of XX^was developed. The method 
is also applicable in the synthesis of benzyl 4,6-0-benzylidere glucopyranosiao 
[2.3:4 *. 5' ]-2'-oxazolidinone, a trans oxazolidinone. 
Catalytic hydrogenatior. of XX showed the rates of the cleavage 
of the benzyl and the benzyliclone group to be competitive. Benzyl 
2-deoxy-^ 3 6—0- (p-methoxy)benzylidene-p{.«D-raanncpyranoside (XXVI) 
was synthesized and the benzyl group was removed by hydrogenolyais. 
It was found that the slower cleavage rate of the anisylidene function 
upon hydrogenation makes a selective removal of the benzyl group possible. 
p-Nitrobenzyl 2-acetamid o- *4,6-0-benzylidene-2-deoxy-/3 -P-
glucopyranoside (XXXIII) was prepared from 2-acetamido-2-decxy-
D-glucose. The intermediates were 2-acetamido- 3,4-, 6 -1 ri -0-ac e ty 1 - 2-
deoxy-^-D-glucopyranosy 1 chloride, p-nitrobenzyl 2-acetamido-3,^,6-
tri-0-acetyl—2-deoxy-^-D-glucopyranoside. The rate of the hydrogenolysis 
of the p-nitrobenzyl group in compound XXXIII was very fast, so that 
It,too, could be removed selectively by hydrogenation,with retention 
of the benzy lidene function. 
The combination of oxazoliclinone, anisylidene and p—nitrobenzyl 
protective groups with their new possibilities for high yield synthesis., 
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